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(54) SEMICONDUCTOR DEVICE AND POWER CONVERSION DEVICE PROVIDED WITH SAME

(57) A semiconductor device (100) is provided with
a heat dissipating face side skirt portion, which is a
frame-form projection, on a heat dissipating face (2b) of
a lead frame (2). Because of this, creepage distance in-
creases with a small increase in an amount of resin, and
insulating properties improve. Also, the heat dissipating
face side skirt portion is molded via two transfer molding
steps, whereby fluidity of a second molding resin (8) in-
creases, wettability of the second molding resin (8) with
respect to a first molding resin (7) and the lead frame (2)

increases, and adhesion improves. Furthermore, an end
face (6a) of an inner lead (6) is exposed in an element
sealing portion (7b) on a mounting face (2a) side, and
covered with a second thin molded portion (8c) molded
using the second molding resin (8), whereby heat gen-
erated in a semiconductor element (1) can efficiently be
caused to escape from faces of both a first thin molded
portion (1b) and the second thin molded portion (8c), be-
cause of which heat dissipation improves.
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Description

Technical Field

[0001] The present invention relates to a semiconduc-
tor device, and a power conversion device including the
semiconductor device, and relates in particular to a both-
face heat dissipating semiconductor device, the whole
of which is sealed with a molding resin.

Background Art

[0002] A power semiconductor device is such that a
semiconductor element such as an IGBT (insulated gate
bipolar transistor), a MOSFET (metal-oxide-semicon-
ductor field effect transistor), an IC chip, or an LSI chip
is die-bonded to an external terminal lead frame, after
which an electrode of the semiconductor element and
the external terminal are electrically connected using a
wire or an inner lead, and an input and output of signals
from and to an exterior is carried out.
[0003] Also, a resin-molded type of semiconductor de-
vice is such that a face of the lead frame on a side on
which the semiconductor element is mounted (a mount-
ing face), and a heat dissipating face on an opposite side,
are sealed with a molding resin in a molding step. As the
power semiconductor device includes a high heat gen-
erating element in an interior thereof, high heat dissipa-
tion is required of the molding resin.
[0004] As an existing resin-molded type of semicon-
ductor device, there is a resin-molded type of semicon-
ductor device such that the mounting face side of the
lead frame is sealed with a low stress resin used as a
general integrated circuit molding resin, and the heat dis-
sipating face side is sealed with a high heat dissipating
resin for which mainly an alumina filler is used, and which
has thermal conductivity of 3W/m . K or higher. Also, in
Patent Document 1, a power conversion device including
a motor and an inverter is such that one face of a power
module of the inverter is in contact with a metal frame of
the motor or the inverter, another face is in contact with
a heat dissipating metal plate, and heat generated in the
power module is caused to escape from both faces.

Citation List

Patent Literature

[0005] Patent Document 1: Japanese Patent No.
5,946,962

Summary of Invention

Technical Problem

[0006] Although there are existing semiconductor de-
vices wherein the lead frame heat dissipating face side
is sealed with a high heat dissipating resin, it is desirable

with a view to improving heat dissipation that the mount-
ing face side is also covered with a high heat dissipating
resin. As a high heat dissipating resin is expensive, how-
ever, covering all regions, including the mounting face,
with a high heat dissipating resin is not realistic in terms
of cost.
[0007] Also, in Patent Document 1, a heat dissipating
metal plate is brought into contact with both faces of a
thin power module wherein a resin thickness is in the
region of 300mm, and a creepage distance from the metal
plate to the lead frame is short. Because of this, withstand
voltage is expected to be low, and there is a high possi-
bility of an insulation failure occurring. In order to increase
the creepage distance, it is necessary to reduce an area
of the metal plate or to increase the resin thickness, and
there is a problem in both cases in that heat dissipation
decreases.
[0008] Also, assuming, for example, that the semicon-
ductor element is 100mm and the lead frame is 100mm
in a case of a semiconductor device wherein an overall
resin thickness is 300mm, the thickness of the resin on
the heat dissipating face side is less than 100mm. Al-
though it is necessary to reduce the resin thickness in
order to improve heat dissipation, there is a problem
when molding to a small thickness of less than 100mm
in the molding step in that a void or a non-filling with resin
is liable to occur, resulting in a failure.
[0009] The invention, in consideration of the heretofore
described problems, has an object of obtaining a both-
face heat dissipating semiconductor device in which two
kinds of resin are used, the semiconductor device being
such that creepage distance is secured, heat dissipation
and insulating properties are excellent, and a cost is low.

Solution to Problem

[0010] A semiconductor device according to the inven-
tion includes a lead frame on which a semiconductor el-
ement is mounted, an inner lead connected to an elec-
trode of the semiconductor element, and a first resin and
a second resin that seal one portion of the lead frame,
the semiconductor element, and the inner lead. When a
face on a side of the lead frame on which the semicon-
ductor element is mounted is assumed to be a mounting
face and a face on a side opposite to that of the mounting
face is assumed to be a heat dissipating face, a frame-
form projection is provided in an outer peripheral end
portion of the heat dissipating face, two opposing sides
of the frame-form projection and a first thin molded por-
tion that covers a region between the two sides are inte-
grally molded using the second resin, and two other op-
posing sides of the frame-form projection are molded us-
ing the first resin. An element sealing portion that covers
one portion of the inner lead and the semiconductor el-
ement is molded on the mounting face using the first res-
in, and a second thin molded portion that covers one
portion of a surface of the element sealing portion and
the inner lead exposed in the element sealing portion is
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molded using the second resin.

Advantageous Effects of Invention

[0011] According to the invention, a frame-form pro-
jection is provided on a heat dissipating face of a lead
frame, whereby creepage distance increases with a small
increase in an amount of resin, and insulating properties
improve. Also, two opposing sides of the frame-form pro-
jection and a first thin molded portion are integrally mold-
ed using a second resin, and two other opposing sides
of the frame-form projection are molded using a first resin,
whereby fluidity of the second resin to the first thin molded
portion increases, and wettability of the second resin in-
creases, compared with a case in which all four sides of
the frame-form projection are molded at one time using
the second resin. Because of this, adhesion between the
first thin molded portion and the lead frame increases,
and detachment or fragmentation of the first thin molded
portion is unlikely to occur. Furthermore, the inner lead
is covered with a second thin molded portion, whereby
heat generated in a semiconductor element can efficient-
ly be caused to escape from faces of both the first thin
molded portion and the second thin molded portion. For
the reasons above, according to the invention, a highly
reliable semiconductor device with excellent heat dissi-
pation and insulating properties is obtained at a low cost.
[0012] Object, characteristics, aspects, and advanta-
geous effects of the invention other than described above
would be apparent from the following detailed description
of the invention with reference to the accompanied draw-
ings.

Brief Description of Drawings

[0013]

[Fig. 1] Fig. 1 is a sectional view showing a semicon-
ductor device according to a first embodiment of the
invention.
[Fig. 2] Fig. 2 is a sectional view showing the semi-
conductor device after a first transfer molding step
in the first embodiment of the invention.
[Fig. 3] Fig. 3 is a plan view of the semiconductor
device seen from a heat dissipating face side after
the first transfer molding step in the first embodiment
of the invention.
[Fig. 4] Fig. 4 is a plan view of the semiconductor
device seen from the heat dissipating face side after
a second transfer molding step in the first embodi-
ment of the invention.
[Fig. 5] Fig. 5 is a sectional view showing the first
transfer molding step of the semiconductor device
according to the first embodiment of the invention.
[Fig. 6] Fig. 6 is a sectional view showing the second
transfer molding step of the semiconductor device
according to the first embodiment of the invention.
[Fig. 7] Fig. 7 is a sectional view showing a first com-

pression molding step of the semiconductor device
according to the first embodiment of the invention.
[Fig. 8] Fig. 8 is a sectional view showing a state
wherein a heatsink is disposed in the semiconductor
device according to the first embodiment of the in-
vention.
[Fig. 9] Fig. 9 is a sectional view showing an electric
motor including the semiconductor device according
to the first embodiment of the invention.
[Fig. 10] Fig. 10 is a sectional view showing another
electric motor including the semiconductor device
according to the first embodiment of the invention.
[Fig. 11] Fig. 11 is a sectional view showing a sem-
iconductor device according to a second embodi-
ment of the invention.
[Fig. 12] Fig. 12 is a plan view of the semiconductor
device seen from a mounting face side after a first
transfer molding step in the second embodiment of
the invention.
[Fig. 13] Fig. 13 is a plan view wherein the semicon-
ductor device in which an inner lead is exposed is
seen from the mounting face side after the first mold-
ing step in the second embodiment of the invention.
[Fig. 14] Fig. 14 is a plan view of the semiconductor
device seen from the mounting face side after a sec-
ond transfer molding step in the second embodiment
of the invention.
[Fig. 15] Fig. 15 is a sectional view showing a sem-
iconductor device according to a third embodiment
of the invention.
[Fig. 16] Fig. 16 is a plan view of the semiconductor
device seen from a heat dissipating face side after
a second transfer molding step in the third embodi-
ment of the invention.
[Fig. 17] Fig. 17 is a sectional view showing a surface
state of a surface-roughened inner lead in a fourth
embodiment of the invention.
[Fig. 18] Fig. 18 is a plan view showing a scale-form
portion of a laser-roughened inner lead in a fifth em-
bodiment of the invention.
[Fig. 19] Fig. 19 is a top perspective view showing a
scale-form portion of the laser-roughened inner lead
in the fifth embodiment of the invention.
[Fig. 20] Fig. 20 is a sectional view showing a sem-
iconductor device according to a sixth embodiment
of the invention.
[Fig. 21] Fig. 21 is a sectional view showing a second
transfer molding step of the semiconductor device
according to the sixth embodiment of the invention.

Description of Embodiments

First Embodiment

[0014] Hereafter, a semiconductor device according to
a first embodiment of the invention will be described,
based on the drawings. Fig. 1 is a sectional view showing
a configuration of a resin-molded type of semiconductor
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device according to the first embodiment, Fig. 2 is a sec-
tional view of the semiconductor device after a first trans-
fer molding step, Fig. 3 is a plan view of the semiconduc-
tor device after the first transfer molding step seen from
a heat dissipating face side, and Fig. 4 is a plan view of
the semiconductor device after a second transfer molding
step seen from the heat dissipating face side. The same
reference sign is allotted to identical or corresponding
portions in the drawings.
[0015] A semiconductor device 100 according to the
first embodiment is a both-face heat dissipating semicon-
ductor device sealed using two kinds of resin. As shown
in Fig. 1, the semiconductor device 100 is configured to
include a lead frame 2 on which a semiconductor element
1 is mounted, an external terminal 4, a wire 5 and an
inner lead 6 connected to an electrode of the semicon-
ductor element 1, a first molding resin 7, which is a first
resin, and a second molding resin 8, which is a second
resin.
[0016] In the following description, a face of the lead
frame 2 on the side on which the semiconductor element
1 is mounted is a mounting face 2a, and a face on the
side opposite to that of the mounting face 2a is a heat
dissipating face 2b. In the example shown in Fig. 1, a
face on an upper side of the lead frame 2 is the mounting
face 2a, and a face on a lower side is the heat dissipating
face 2b. The semiconductor element 1, which is an IGBT,
a MOSFET, an IC chip, an LSI chip, or the like, is mounted
on the mounting face 2a across a joining member 3 such
as solder or silver. The lead frame 2 is a copper plate or
a copper alloy plate, and a surface thereof is coated with
a metal plating (not shown) of gold, silver, nickel, tin, or
the like.
[0017] An electrode pad of the semiconductor element
1 is electrically connected to the external terminal 4
across the wire 5, which is connected using wire bonding,
or the inner lead 6, which is fabricated of a copper plate
or a copper alloy plate material, and carries out an input
and output of signals from and to an exterior. The wire 5
and the inner lead 6 are interchangeable. The wire 5 is
formed of gold, silver, aluminum, copper, or the like, and
a wire diameter is in the region of approximately 20mm
to 500mm.
[0018] One portion of the lead frame 2, the semicon-
ductor element 1, the wire 5, and the inner lead 6 are
sealed with the first molding resin 7 and the second mold-
ing resin 8. Both the first molding resin 7 and the second
molding resin 8 are thermosetting epoxy resins, or the
like. Note that a high heat dissipating resin with higher
thermal conductivity than that of the first molding resin 7
is used for the second molding resin 8, which mainly cov-
ers the heat dissipating face 2b. The thermal conductivity
of the second molding resin 8 is 2W/m · K to 12W/m · K.
Also, a low stress resin that is a general integrated circuit
molding resin is used for the first molding resin 7, which
mainly covers the mounting face 2a.
[0019] A heat dissipating face side skirt portion, which
is a frame-form projection of a thickness in the region of

approximately 0.3mm to 2mm molded using the first
molding resin 7 and the second molding resin 8, is pro-
vided in an outer peripheral end portion of the heat dis-
sipating face 2b. Two opposing sides of the heat dissi-
pating face side skirt portion, and a first thin molded por-
tion 8b that covers a region between the two sides, are
integrally molded using the second molding resin 8, and
two other opposing sides are molded using the first mold-
ing resin 7.
[0020] Specifically, as shown in Fig. 4, the heat dissi-
pating face side skirt portion is configured of first skirt
portions 7a molded using the first molding resin 7 and
second skirt portions 8a molded using the second mold-
ing resin 8. The first skirt portion 7a and the second skirt
portion 8a are such that a sectional form cut in a direction
perpendicular to the sides is a rectangle, a square, or a
trapezoid. A corner portion of the sectional form may be
rounded, or the sectional form may be an arc form.
[0021] The first thin molded portion 8b, of a thickness
in the region of approximately 0.02mm to 0.3mm, is mold-
ed integrally with the second skirt portions 8a, using the
second molding resin 8, between the second skirt por-
tions 8a. The first skirt portions 7a and the second skirt
portions 8a are joined at resin joint portions 9 in four plac-
es.
[0022] Meanwhile, an element sealing portion 7b that
covers one portion of the inner lead 6 and the semicon-
ductor element 1 is molded on the mounting face 2a using
the first molding resin 7. As shown in Fig. 2, the element
sealing portion 7b has an upper face 7c, which is a flat
face parallel to the mounting face 2a, and four side faces
perpendicular to the upper face 7c. Note that the upper
face 7c and the four side faces of the element sealing
portion 7b need not necessarily be perpendicular to each
other. Also, the inner lead 6 has an end face 6a parallel
to the upper face 7c of the element sealing portion 7b.
The upper face 7c of the element sealing portion 7b and
the end face 6a of the inner lead 6 are formed so that
heights thereof from the mounting face 2a are equal.
[0023] Furthermore, a second thin molded portion 8c,
which covers one portion of the surface of the element
sealing portion 7b and the inner lead 6 exposed in the
element sealing portion 7b, is molded using the second
molding resin 8. In the example shown in Fig. 1, the sec-
ond thin molded portion 8c covers the upper face 7c of
the element sealing portion 7b, the end face 6a of the
inner lead 6, and one side face perpendicular to the upper
face 7c of the element sealing portion 7b.
[0024] A molding step of the semiconductor device 100
will be described using Fig. 5 and Fig. 6. Manufacture of
the semiconductor device 100 includes two transfer
molding steps, wherein Fig. 5 shows the first transfer
molding step, and Fig. 6 shows the second transfer mold-
ing step. The semiconductor device shown in Fig. 6 is a
sectional view in a position indicated by A-A in Fig. 3.
[0025] In the first transfer molding step, as shown in
Fig. 5, the first molding resin 7, which is melted by heat
and pressure applied in a first molding die 20, is injected
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through an upper gate 22 into a cavity 21 in which the
lead frame 2 is installed. The first molding resin 7 flows
to the mounting face 2a side of the lead frame 2, molding
the element sealing portion 7b by filling the cavity 21, and
in addition, flows into cavities (not shown) corresponding
to the first skirt portions 7a, thereby molding the first skirt
portions 7a.
[0026] When using the first molding die 20 shown in
Fig. 5, the end face 6a of the inner lead 6 is covered with
the first molding resin 7 after the first transfer molding
step. Because of this, the first molding resin 7 is removed
by a mechanical grinding or a laser irradiation in a sub-
sequent process, causing the end face 6a of the inner
lead 6 to be exposed.
[0027] As shown in Fig. 2, the element sealing portion
7b that seals the semiconductor element 1 has been
molded using the first molding resin 7 on the mounting
face 2a of the lead frame 2 when the first transfer molding
step and the subsequent process are finished, and the
end face 6a of the inner lead 6 is exposed in the element
sealing portion 7b. Also, as shown in Fig. 3, the first skirt
portions 7a, which are two sides parallel to the upper
gate 22, have been molded using the first molding resin
7 on the heat dissipating face 2b.
[0028] Continuing, the second transfer molding step is
implemented. In order to increase adhesion between the
first molding resin 7 and the second molding resin 8, a
UV processing, a plasma processing, or a laser process-
ing may be implemented on the first molding resin 7 after
the first transfer molding step. As shown in Fig. 6, the
lead frame 2 when the first transfer molding step is fin-
ished is installed in an interior of a second molding die 30.
[0029] The interior of the second molding die 30 in
which the lead frame 2 is installed has a cavity 31a cor-
responding to the second thin molded portion 8c above
the element sealing portion 7b molded using the first
molding resin 7. Also, the interior of the second molding
die 30 has a cavity 31b corresponding to the first thin
molded portion 8b, and cavities 31c corresponding to the
second skirt portions 8a, on the heat dissipating face 2b
side of the lead frame 2.
[0030] The second molding resin 8, which is melted by
heat and pressure applied in the second molding die 30,
passes through the cavity 31c that is in a vicinity of a
lower gate 32, and flows into the cavity 31b. At this time,
the second molding resin 8 accumulates once in the cav-
ity 31c in the vicinity of the lower gate 32, because of
which the second molding resin 8 can flow evenly into
the cavity 31b. The second molding resin 8 that has
passed through the cavity 31b further flows into the cavity
31c on an opposite side farthest from the lower gate 32,
which is a last-filled portion. At this time, curing of the
second molding resin 8 is advancing and viscosity is in-
creasing, but the cavity 31c has a greater thickness and
a smaller flow resistance than the cavity 31b, because
of which the second molding resin 8 flows easily.
[0031] Also, simultaneously with flowing to the cavities
31b and 31c, the second molding resin 8 flows to the

cavity 31a between the upper face 7c of the element seal-
ing portion 7b, molded using the first molding resin 7, and
the second molding die 30. Taking fluidity and heat dis-
sipation of the resin into consideration, a thickness of the
second thin molded portion 8c may be in the region of
twice that of the first thin molded portion 8b. Assuming
that a thickness of the element sealing portion 7b is at
least 0.4mm, insulating properties on the mounting face
2a side can be secured by the thickness of the second
thin molded portion 8c being added to that of the element
sealing portion 7b. The second skirt portions 8a, the first
thin molded portion 8b, and the second thin molded por-
tion 8c are molded using the second molding resin 8 in
the second transfer molding step, and the molded article
is removed from the second molding die 30.
[0032] As shown in Fig. 4, the second skirt portions 8a
on two sides, including a side nearest the lower gate 32,
and the first thin molded portion 8b that covers the region
between the two sides, have been integrally molded us-
ing the second molding resin 8 on the heat dissipating
face 2b after the second transfer molding step. In the first
embodiment, the first skirt portions 7a molded using the
first molding resin 7 are positioned on long side sides,
and the second skirt portions 8a molded using the second
molding resin 8 are positioned on short side sides, but
this may be reversed depending on gate positions in the
molding die used.
[0033] A molded article such that the end face 6a of
the inner lead 6 is in a state exposed in the element seal-
ing portion 7b can be manufactured by compression
molding being implemented in the first transfer molding
step. As shown in Fig. 7, a film 42 made of a thermoplastic
fluororesin of a thickness in the region of approximately
40mm to 200mm is caused to be adsorbed in advance
onto an internal surface of a compression molding die
40. The film 42 prevents the melted first molding resin 7
from encroaching into a moving portion of the molding
die 40.
[0034] An upper portion of the molding die 40 is a mov-
ing portion, moves in a direction of an arrow A, and stops
in a predetermined position on an upper face of the inner
lead 6 while pressurizing a cavity 41. The first molding
resin 7 in granule form may be installed in advance in
the cavity 41 in an interior of the molding die 40, or a
normal transfer-use tablet-form resin may be injected
from the upper gate 22, and caused to flow into the cavity
41.
[0035] In order to expose the end face 6a of the inner
lead 6 using the first molding die 20 shown in Fig. 5, the
first molding die 20 and the inner lead 6 need to be
brought into contact. However, as there is variation in the
heights of the semiconductor element 1 and the inner
lead 6 after mounting, there is a possibility of stress being
exerted on the semiconductor element 1, and the semi-
conductor element 1 being destroyed, when the height
after mounting is greater than a reference value, and a
gap appears between the first molding die 20 and the
inner lead 6 when the height is less than the reference
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value, because of which resin burr occurs on the first
molding resin 7.
[0036] In response to this, compression molding is
such that the film 42 installed in advance in the molding
die 40 is pressurized and becomes thinner, whereby var-
iation in the heights of the semiconductor element 1 and
the inner lead 6 is absorbed, and the gap between the
molding die 40 and the inner lead 6 is filled, because of
which no resin burr occurs, and the end face 6a of the
inner lead 6 can be exposed.
[0037] By the heat dissipating face side skirt portion
being molded via the second transfer molding step in this
way, fluidity of the second molding resin 8 to the first thin
molded portion 8b improves, wettability of the second
molding resin 8 with respect to the first molding resin 7
and the lead frame 2 increases, and adhesion improves.
[0038] As a comparative example of the first embodi-
ment, a description will be given of a case wherein all
four sides of a heat dissipating face side skirt portion and
a first thin molded portion are molded simultaneously in
a first transfer molding step. In a molding die, a thickness
of the heat dissipating face side skirt portion is greater
than that of the first thin molded portion, and flow resist-
ance is smaller, because of which melted resin flows first
to the four sides of the heat dissipating face side skirt
portion, and the first thin molded portion is a last-filled
portion.
[0039] As a resin whose curing is advancing and
whose viscosity has increased flows into the last-filled
portion, it is difficult for the resin to flow evenly into the
first thin molded portion, which has a greater flow resist-
ance. Also, as resins that have flowed first into the four
sides of the heat dissipating face side skirt portion con-
verge in the first thin molded portion, a weld line is formed,
and strength and insulating properties of the first thin
molded portion are inferior compared with a case in which
the first thin molded portion is formed in two transfer mold-
ing steps, as in the first embodiment.
[0040] The semiconductor device 100 according to the
first embodiment is used in a power conversion device
that includes an inverter that converts power and a motor
that converts electrical energy into mechanical energy.
For example, the semiconductor device 100 is incorpo-
rated in an inverter of an electric motor wherein a motor
and an inverter are integrated in a vehicle-mounted ap-
plication. In this case, as shown in Fig. 8, a heat dissi-
pating face heatsink 50a and a mounting face heatsink
50b are in contact with the semiconductor device 100
across a thermal grease (not shown). The heat dissipat-
ing face heatsink 50a is of a size such as to be housed
within the frame of the heat dissipating face side skirt
portion. The heat dissipating face heatsink 50a and the
mounting face heatsink 50b are integrated with an invert-
er frame or a motor frame, which have a large heat ca-
pacity, or are joined by screwing or the like to the frame
bodies.
[0041] Fig. 9 and Fig. 10 show electric motors including
the semiconductor device 100 according to the first em-

bodiment. Electric motors 400 and 401 shown in Fig. 9
and Fig. 10 may be any of an electric power steering
motor and inverter integrated unit, a mild hybrid ISG (in-
tegrated starter generator), or a strong hybrid motor and
inverter integrated unit. Motors 300 and 301 have a stator
and a rotor disposed in an interior of a metal frame, and
inverters 200 and 201 have a motor drive circuit.
[0042] The electric motor 400 shown in Fig. 9 is such
that the motor 300 and the inverter 200 are integrated,
and the heat dissipating face heatsink 50a and the mount-
ing face heatsink 50b are integrated with the frame of the
inverter 200. Also, the electric motor 401 shown in Fig.
10 is such that the motor 301 and the inverter 201 are
integrated, and the heat dissipating face heatsink 50a
and the mounting face heatsink 50b are integrated with
the frame of the motor 301 and the frame of the inverter
201 respectively. The mounting face heatsink 50b may
be integrated with the frame of the motor 301, and the
heat dissipating face heatsink 50a with the frame of the
inverter 201, which is the reverse of the example shown
in Fig. 10. Also, a heatsink and a frame may be separate
bodies, brought into contact across a thermal grease or
the like, and the heatsink fixed to the frame by screwing.
[0043] In the first embodiment, the surface of the lead
frame 2 is coated with a metal plating of gold, silver, nick-
el, tin, or the like, but there is also a case in which the
surface is not coated. Also, although a thickness of the
lead frame 2 is uniform, a lead frame such that the thick-
ness partially differs may be used (note that cost increas-
es in this case). Also, although a surface of the inner lead
6 is not coated with a metal plating, the surface may be
coated.
[0044] Also, in the first embodiment, the upper face 7c
of the element sealing portion 7b and one side face near-
est to the lower gate 32 are covered with the second
molding resin 8, but the disposition of the second molding
resin 8 is not limited to this. The second molding resin 8,
which is a high heat dissipating resin, is expensive, be-
cause of which it is sufficient that disposition is deter-
mined with consideration to heat dissipation and cost.
[0045] According to the first embodiment, a heat dis-
sipating face side skirt portion is provided on the heat
dissipating face 2b of the lead frame 2, whereby strength
of an outer peripheral end portion of the lead frame 2, on
which high pressure of resin molding is exerted, can be
secured, in addition to which the creepage distance in-
creases with a small increase in the amount of resin, and
the insulating properties improve. Because of this, the
semiconductor device 100 according to the first embod-
iment is appropriate as a power module with a withstand
voltage of 600V or higher in which an IGBT is used as
the semiconductor element 1.
[0046] Also, the first skirt portions 7a are molded using
the first molding resin 7, and the second skirt portions 8a
and the first thin molded portion 8b are integrally molded
using the second molding resin 8, whereby the fluidity of
the second molding resin 8 increases, wettability of the
second molding resin 8 with respect to the lead frame 2
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and the first molding resin 7 increases, and adhesion
improves, compared with a case in which all four sides
of the heat dissipating face side skirt portion are molded
at one time using the second molding resin 8. Because
of this, adhesion between the first thin molded portion 8b
and the lead frame 2 increases, and detachment or frag-
mentation of the first thin molded portion 8b is unlikely to
occur.
[0047] Furthermore, the end face 6a of the inner lead
6 is covered with the second thin molded portion 8c,
whereby heat generated in the semiconductor element
1 can efficiently be caused to escape from faces of both
the first thin molded portion 8b and the second thin mold-
ed portion 8c, and heat dissipation improves. Also, the
mounting face 2a side is such that only the second thin
molded portion 8c is molded using the second molding
resin 8, because of which heat dissipation can be im-
proved while restricting the amount of expensive high
heat dissipating resin used. For the reasons above, ac-
cording to the first embodiment, the highly reliable sem-
iconductor device 100 with excellent heat dissipation and
insulating properties is obtained at a low cost.

Second Embodiment

[0048] Fig. 11 is a sectional view showing a configu-
ration of a semiconductor device according to a second
embodiment of the invention. Also, Fig. 12 is a plan view
of the semiconductor device after a first transfer molding
step seen from a mounting face side, Fig. 13 is a plan
view wherein the semiconductor device in which an inner
lead is exposed is seen after the first molding step from
the mounting face side, and Fig. 14 is a plan view of the
semiconductor device after a second transfer molding
step seen from the mounting face side.
[0049] For example, in a case of a semiconductor de-
vice in which a strong hybrid IGBT is mounted, and which
needs a withstand voltage of 600V or higher, a creepage
distance longer than normal (for example, 1.8mm or long-
er) needs to be secured. Although the creepage distance
increases by the thickness of the element sealing portion
7b being increased, the module increases in size, the
amount of resin used increases, and cost increases. In
response to this kind of problem, the creepage distance
can be increased at a low cost by providing a frame-form
projection on the mounting face 2a side too, in the same
way as on the heat dissipating face 2b side.
[0050] A semiconductor device 101 according to the
second embodiment is such that a mounting face side
skirt portion, which is a mounting face side frame-form
projection of a thickness in the region of approximately
0.3mm to 2mm, is provided in an outer peripheral end
portion of the upper face 7c of the element sealing portion
7b. Two opposing sides of the mounting face side skirt
portion and the second thin molded portion 8c, which
covers a region between the two sides, are integrally
molded using the second molding resin 8, and two other
opposing sides of the mounting face side skirt portion are

molded using the first molding resin 7. As other configu-
rations are the same as those of the semiconductor de-
vice 100 according to the first embodiment, a description
thereof will be omitted here.
[0051] As shown in Fig. 14, the mounting face side skirt
portion is configured of third skirt portions 7d molded us-
ing the first molding resin 7 and fourth skirt portions 8d
molded using the second molding resin 8. The third skirt
portion 7d and the fourth skirt portion 8d are such that a
sectional form cut in a direction perpendicular to the sides
is a rectangle, a square, or a trapezoid. A corner portion
of the sectional form may be rounded, or the sectional
form may be an arc form.
[0052] Also, the second thin molded portion 8c, of a
thickness in the region of approximately 0.02mm to
0.3mm, is molded integrally with the fourth skirt portions
8d, using the second molding resin 8, between the fourth
skirt portions 8d. The third skirt portions 7d and the fourth
skirt portions 8d are joined at resin joint portions 9 in four
places.
[0053] A manufacturing process of the semiconductor
device 101 according to the second embodiment will be
described using Fig. 12 to Fig. 14. Manufacture of the
semiconductor device 101 includes two molding steps,
wherein a transfer molding step the same as in the first
embodiment is implemented first. Note that an internal
form of a molding die differs from that of the first embod-
iment.
[0054] As shown in Fig. 12, the third skirt portions 7d,
which are two sides parallel to the upper gate 22, have
been molded using the first molding resin 7 on the upper
face 7c of the element sealing portion 7b on the mounting
face 2a after the first transfer molding step. Also, the first
skirt portions 7a, which are two sides parallel to the upper
gate 22, have been molded using the first molding resin
7 on the heat dissipating face 2b (refer to Fig. 3).
[0055] As described in the first embodiment, a molded
article when the first transfer molding step is a normal
transfer molding is such that the inner lead 6 is not ex-
posed, as shown in Fig. 12. Because of this, the first
molding resin 7 needs to be removed by a mechanical
grinding or a laser irradiation in a subsequent process,
causing the inner lead 6 to be exposed. Meanwhile, a
molded article when the first transfer molding step is a
compression molding is such that the inner lead 6 is ex-
posed, as shown in Fig. 13.
[0056] Continuing, a second transfer molding step the
same as in the first embodiment is implemented. Note
that an internal form of a molding die differs from that of
the first embodiment. As shown in Fig. 14, the fourth skirt
portions 8d on two sides, including a side nearest the
lower gate 32, and the second thin molded portion 8c
that covers the region between the two sides have been
integrally molded using the second molding resin 8 on
the upper face 7c of the element sealing portion 7b on
the mounting face 2a after the second transfer molding.
Also, the second skirt portions 8a on two sides, including
a side nearest the lower gate 32, and the first thin molded
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portion 8b that covers the region between the two sides
have been integrally molded using the second molding
resin 8 on the heat dissipating face 2b (refer to Fig. 4).
[0057] The second embodiment is such that, in addi-
tion to the same advantages as in the first embodiment,
the creepage distance is longer than in the first embod-
iment owing to a mounting face side skirt portion being
provided, because of which the both-face heat dissipat-
ing semiconductor device 101 with a still higher withstand
voltage is obtained.

Third Embodiment

[0058] Fig. 15 is a sectional view showing a semicon-
ductor device according to a third embodiment of the in-
vention, and Fig. 16 is a plan view of the semiconductor
device after a second transfer molding step seen from a
heat dissipating face side. Fig. 15 is a sectional view in
a position indicated by B-B in Fig. 16.
[0059] In the first embodiment and the second embod-
iment, a heat dissipating face side skirt portion is config-
ured of the first skirt portions 7a molded using the first
molding resin 7 and the second skirt portions 8a molded
using the second molding resin 8. This kind of configu-
ration is such that when there is detachment at an inter-
face between the first thin molded portion 8b molded us-
ing the second molding resin 8 and the first skirt portion
7a, the creepage distance between the heat dissipating
face heatsink 50a (refer to Fig. 8) and the lead frame 2
becomes equivalent to the thickness of the first thin mold-
ed portion 8b, and there is concern that the withstand
voltage will drop considerably.
[0060] Because of this, a semiconductor device 102
according to the third embodiment is such that two op-
posing sides of a heat dissipating face side skirt portion
molded using the first molding resin 7, that is, the first
skirt portions 7a, are covered with fifth skirt portions 8e
molded using the second molding resin 8. The fifth skirt
portions 8e are molded during a second transfer molding,
and cover inner side faces of the first skirt portions 7a
and lower faces parallel to the heat dissipating face 2b,
as shown in Fig. 15.
[0061] Because of this, the heat dissipating face 2b
side of the semiconductor device 102 is such that the
four sides of the heat dissipating face side skirt portion
(the second skirt portions 8a and the fifth skirt portions
8e) and the first thin molded portion 8b, which covers a
region among the four sides, are integrally molded using
the second molding resin 8, as shown in Fig. 16. In order
that heights of the second skirt portions 8a and the fifth
skirt portions 8e are uniform, the heights of the first skirt
portions 7a are formed to be lower than in the first em-
bodiment.
[0062] Also, when a mounting face side skirt portion is
included, as in the case of the semiconductor device 101
according to the second embodiment (refer to Fig. 14),
sixth skirt portions (not shown) that cover the third skirt
portions 7d molded using the first molding resin 7 may

be molded using the second molding resin 8 during the
second transfer molding.
[0063] The third embodiment is such that, in addition
to the same advantages as in the first embodiment, the
first skirt portions 7a are covered with the fifth skirt por-
tions 8e, whereby creepage distance can be secured
even when there is detachment at the interface between
the first thin molded portion 8b and the first skirt portion
7a on the heat dissipating face 2b side due to production
variation or the like, and the semiconductor device 102
such that insulation failures can be reduced is obtained.

Fourth Embodiment

[0064] Fig. 17 is a sectional view showing a surface
state of a surface-roughened inner lead used in a semi-
conductor device according to a fourth embodiment of
the invention. As an overall configuration and a manu-
facturing method of the semiconductor device according
to the fourth embodiment are the same as in the first
embodiment, a description thereof will be omitted here.
[0065] The semiconductor device according to the
fourth embodiment is such that, in order to achieve an
improvement in adhesion between the first molding resin
7 and second molding resin 8 and the inner lead, a sur-
face-roughened inner lead 11 is used instead of the inner
lead 6 used in the first embodiment. The surface-rough-
ened inner lead 11 is such that a surface of an inner lead
made of copper or a copper alloy is roughened chemically
or physically to a surface roughness in the region of ap-
proximately Ra 0.06 to 0.2. Innumerable irregularities are
formed on the surface of the surface-roughened inner
lead 11, because of which a high anchoring effect is ob-
tained.
[0066] The fourth embodiment is such that, in addition
to the same advantages as in the first embodiment, the
surface-roughened inner lead 11 is used, whereby ad-
hesion to the first molding resin 7 and the second molding
resin 8 improves more than when the normal inner lead
6 is used. Furthermore, the surface-roughened inner lead
11 has a greater surface area than the normal inner lead
6, because of which an improvement in heat dissipation
is achieved.

Fifth Embodiment

[0067] Fig. 18 is a plan view showing a scale-form por-
tion of a laser-roughened inner lead in a fifth embodiment
of the invention, and Fig. 19 is a top perspective view of
a cross-section of a portion indicated by C-C in Fig. 18.
As an overall configuration and a manufacturing method
of a semiconductor device according to the fifth embod-
iment are the same as in the first embodiment, a descrip-
tion thereof will be omitted here.
[0068] The semiconductor device according to the fifth
embodiment is such that, in order to achieve an improve-
ment in adhesion between the first molding resin 7 and
second molding resin 8 and the inner lead, a laser-rough-
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ened inner lead 12 is used instead of the inner lead 6
used in the first embodiment. The laser-roughened inner
lead 12 has a scale-form portion 13 such that a surface
form of a metal configuring the inner lead, or of a metal
plating covering the surface of the inner lead, is trans-
formed into a scale form. The scale-form portion 13 has
a complex form wherein scale-like projections are dis-
posed continuously, and both sides thereof are raised up
high, because of which a high anchoring effect is obtained
by disposing the scale-form portion 13.
[0069] The scale-form portion 13 is formed by causing
a metal or a metal plating configuring the inner lead to
melt by continuously carrying out spot irradiation using
a laser, thereby transforming the metal or the metal plat-
ing into a scale form. The formation of the scale-form
portion 13 on the inner lead can be carried out, for ex-
ample, together with exposing the inner lead by laser
irradiation after the first transfer step.
[0070] Also, as the scale-form portion 13 is formed us-
ing laser irradiation, the scale-form portion 13 can be
selectively disposed in an arbitrary place on the inner
lead, for example, a place on which stress is exerted
when the semiconductor device is discharged from the
molding die, and where initial detachment is liable to oc-
cur. A width and a height of the scale-form portion 13 can
be regulated using an output, a scanning speed, or the
like, of the laser. The width of the scale-form portion 13
is desirably 60mm or greater, and adhesion can be further
improved by increasing the width in accordance with an
area of a place in which the scale-form portion 13 is dis-
posed.
[0071] The fifth embodiment is such that, in addition to
the same advantages as in the first embodiment, the la-
ser-roughened inner lead 12 is used, whereby adhesion
to the first molding resin 7 and the second molding resin
8 improves more than when the normal inner lead 6 is
used. Also, the laser-roughened inner lead 12 has a
greater surface area than the normal inner lead 6, be-
cause of which an improvement in heat dissipation is
achieved.

Sixth Embodiment

[0072] Fig. 20 is a sectional view showing a semicon-
ductor device according to a sixth embodiment of the
invention, and Fig. 21 is a sectional view showing a sec-
ond transfer molding step of the semiconductor device
according to the sixth embodiment. A semiconductor de-
vice 103 according to the sixth embodiment is such that
a heat dissipating face heatsink 51a and a mounting face
heatsink 51b are joined directly to the first thin molded
portion 8b and the second thin molded portion 8c respec-
tively, with no intervening thermal grease or the like. As
other configurations are the same as those of the semi-
conductor device 100 according to the first embodiment,
a description thereof will be omitted here.
[0073] In the sixth embodiment, the heat dissipating
face heatsink 51a and the mounting face heatsink 51b

are installed in an interior of a molding die 60 during the
second transfer molding step, as shown in Fig. 21. A
cavity 62b corresponding to the first thin molded portion
8b is formed between the heat dissipating face 2b of the
lead frame 2 and the heat dissipating face heatsink 51a
in the interior of the molding die 60.
[0074] Also, a cavity 62a corresponding to the second
thin molded portion 8c is formed between the element
sealing portion 7b and the mounting face heatsink 51b
using a movable pin 61 installed in the interior of the
molding die 60. As the pin 61 is pulled out during molding,
it does not happen that the second molding resin 8 flows
late into a pinhole, and the pinhole opens.
[0075] In the same way as in the first embodiment, the
second skirt portions 8a and the first thin molded portion
8b are formed on the heat dissipating face 2b, and the
second thin molded portion 8c is formed on the mounting
face 2a, using the second molding resin 8 in the second
transfer molding step. At this time, the second molding
resin 8 before curing that has flowed to the cavity 62a
and the cavity 62b forms an adhesive, the heat dissipat-
ing face heatsink 51a is joined to the first thin molded
portion 8b, and the mounting face heatsink 51b is joined
to the second thin molded portion 8c.
[0076] The sixth embodiment is such that, in addition
to the same advantages as in the first embodiment, the
heat dissipating face heatsink 51a and the mounting face
heatsink 51b are directly joined to the first thin molded
portion 8b and the second thin molded portion 8c respec-
tively, because of which thermal contact resistance de-
creases, and heat dissipation further improves. Also, a
process of joining heatsinks to the first thin molded por-
tion 8b and the second thin molded portion 8c across a
thermal grease or the like after the second transfer mold-
ing step can be eliminated, in addition to which a reduc-
tion in material costs is achieved as thermal grease be-
comes unnecessary.
[0077] A form, a quantity, and a disposition of each
component, for example, the semiconductor element 1,
the external terminal 4, the wire 5, and the inner lead 6,
of the semiconductor devices according to the first em-
bodiment to the sixth embodiment, not being particularly
limited, are selected as appropriate in accordance with
a required function. The embodiments can be freely com-
bined, and each embodiment can be modified or abbre-
viated as appropriate, without departing from the scope
of the invention. Reference Signs List
[0078] 1 semiconductor element, 2 lead frame, 2a
mounting face, 2b heat dissipating face, 3 joining mem-
ber, 4 external terminal, 5 wire, 6 inner lead, 6a end face,
7 first molding resin, 7a first skirt portion, 7b element seal-
ing portion, 7c upper face, 7d third skirt portion, 8 second
molding resin, 8a second skirt portion, 8b first thin molded
portion, 8c second thin molded portion, 8d fourth skirt
portion, 8e fifth skirt portion, 9 resin joint portion, 11 sur-
face-roughened inner lead, 12 laser-roughened inner
lead, 13 scale-form portion, 20 first molding die, 21, 31a,
31b, 31c, 41, 62a, 62b cavity, 22 upper gate, 30 second
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molding die, 32 lower gate, 40, 60 molding die, 42 film,
50a, 51a heat dissipating face heatsink, 50b, 51b mount-
ing face heatsink, 61 pin, 100, 101, 102, 103 semicon-
ductor device, 200, 201 inverter, 300, 301 motor, 400,
401 electric motor

Claims

1. A semiconductor device comprising:

a lead frame on which a semiconductor element
is mounted;
an inner lead connected to an electrode of the
semiconductor element; and
a first resin and a second resin that seal one
portion of the lead frame, the semiconductor el-
ement, and the inner lead, wherein,
when a face on a side of the lead frame on which
the semiconductor element is mounted is as-
sumed to be a mounting face and a face on a
side opposite to that of the mounting face is as-
sumed to be a heat dissipating face,
a frame-form projection is provided in an outer
peripheral end portion of the heat dissipating
face, two opposing sides of the frame-form pro-
jection and a first thin molded portion that covers
a region between the two sides are integrally
molded using the second resin, two other op-
posing sides of the frame-form projection are
molded using the first resin,
an element sealing portion that covers one por-
tion of the inner lead and the semiconductor el-
ement is molded on the mounting face using the
first resin, and a second thin molded portion that
covers one portion of a surface of the element
sealing portion and the inner lead exposed in
the element sealing portion is molded using the
second resin.

2. The semiconductor device according to claim 1,
wherein two sides of the frame-form projection mold-
ed using the first resin are covered with the second
resin.

3. The semiconductor device according to claim 1 or
claim 2, wherein the element sealing portion has a
flat face parallel to the mounting face, a mounting
face side frame-form projection is provided in an out-
er peripheral end portion of the flat face, two oppos-
ing sides of the mounting face side frame-form pro-
jection and a second thin molded portion that covers
a region between the two sides are integrally molded
using the second resin, and two other opposing sides
of the mounting face side frame-form projection are
molded using the first resin.

4. The semiconductor device according to claim 3,

wherein two sides of the mounting face side frame-
form projection molded using the first resin are cov-
ered with the second resin.

5. The semiconductor device according to any one of
claim 1 to claim 4, wherein the element sealing por-
tion has the flat face parallel to the mounting face,
in addition to which the inner lead has an end face
parallel to the flat face, and heights of the flat face
and the end face from the mounting face are equal.

6. The semiconductor device according to claim 5,
wherein the second thin molded portion covers the
flat face of the element sealing portion and the end
face of the inner lead exposed in the flat face.

7. The semiconductor device according to any one of
claim 1 to claim 6, wherein a surface of the inner lead
is roughened.

8. The semiconductor device according to any one of
claim 1 to claim 6, wherein the inner lead has a scale-
form portion in which scale-like projections are dis-
posed continuously.

9. The semiconductor device according to any one of
claim 1 to claim 8, wherein the second resin is a high
heat dissipating resin whose thermal conductivity is
higher than that of the first resin.

10. The semiconductor device according to any one of
claim 1 to claim 9, comprising heatsinks joined di-
rectly to the first thin molded portion and the second
thin molded portion.

11. A power conversion device including an inverter that
includes one or more of the semiconductor devices
according to any one of claim 1 to claim 9, and a
motor, wherein
heatsinks are disposed on the first thin molded por-
tion and the second thin molded portion of the sem-
iconductor device, and each of the heatsinks is one
portion of a frame body of the inverter or the motor.

12. A power conversion device including an inverter that
includes one or more of the semiconductor devices
according to any one of claim 1 to claim 9, and a
motor, wherein
heatsinks are disposed on the first thin molded por-
tion and the second thin molded portion of the sem-
iconductor device, and each of the heatsinks is
joined to a frame body of the inverter or the motor.
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